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CONNECTION BETWEEN PHYSICAL CONDITION AND LIABILITY TO ACCIDENTS 
OF METAL MINERS! 


By R. Re Sayers 
INTRODUCTION 


According to the ‘dictionary ,° an accident is an event that takes place 
without one's foresight or expectation, often an undesigned, sudden, and unfore- 
seen occurrence of an afflictive or unfortunate character. However, actual 
experience with accidents, the second most important cause of death in the 
United States, 4 and amore extensive and scientific inventigation of their 
causes indicate that from 75 to 90 per cent of accidents are avoidable.’ This 
is borne out by the results of a three-year study of the accident records of 
- 64,000 motor vehicle operators in New York® which show that certain drivers are 
prone to accidents, that accident experience is traceable to certain causes, 
and that accidents don't Just "happen." | 


Occurrence and Cost. of Accidents 


It is estimated that 97, 000 3 persons were killed by accidents in the 
United States in 1929 and 15,000, 000 were injured. Of these, about 23,000 - 
deaths were due to so-called industrial accidents... In a list of accident 
rates by industries, compiled by the National Safety Council? from reports of 
member establishments, mining heads the list in both frequency (74.43 per 
- 1,000,000 man-hours worked) and severity (9.9 days lost per 1,000 man-hours 
worked) . These figures are very much hicher than for eny other industry; the 


1 =~ Presented before the’ meeting of the Lake Superior Mining Section of the 

| National Safety Council, Duluth, Minn., June 26-27, 1930. The Bureau of 
Mines will welcome reprinting of this paper, provided the following footnote 
acknowledgment is used: "Reprinted aoe U. S. Bureau of Mines Information 
Circular 6367." 

2- Ohief surgeon, U.S. Bureau of Mines; surgeon, U.S. Public Health Service. 

3 - Webster's New International Dictionery, edited by W. T. Harris and F. 5. 

, Allen, 1929. 

4 - Accident Facts 1930, Public Safety Series No. 24, National Safety Council, 
59 pp. 

S - Bowers, Edison Le, The Value of e Man: Nat. Safety News, October, 1928, 
pe 83. a 

6 - Same reference as’ item 4, 

7 — Same reference as item 4. 
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industries showing fizures most comparable to mining are meat packing with a 
frequency rate of 55.94 and a soverity rate of 1.47, construction with a fre- 
quency rate of 50.41 and & eoverity rate of 4.52, and refrigeration with a 
‘frequency rate of 45.35 and a. severity rate of 3. 04. 


While there is no viby to Se powaive the actual cost of all accidents 
from @ monetury stancpoint, estimates indicate that the cost’ will run into 
hundreds of millions of ccllars annual a eee ee 

Cost of accidents in detel mines. - me United States Bureau of Mines 
obtains accurate figures | on the number of lost-time nonfatal accidents as well 
ag fatal accicents in the metal-mining industiy.? In 1926 the metal mines em- 
ployed 127,523 mens; 430 men were kilied and 50,550 men received lost-time but 
nonfatal injuries as a result of accidents. Each cf these fatal and nonfatal 
injuries averzsed 114 dars lost time, computing a fatality as 6,000 days lost 
time. This is equivalent to 2,523,944 davs time lost dve to accident, or at 
$5 per aay per man, to a wage loss of $17,619,720. Deducting one-rinth of this 
figure for corpersation paid, the met=l miner loses in wage annvaliy ebout 
$15,700,000, or about $122 per irdividuel. This average loss per ‘individual 
includes the cost of fatel acciceats recisoned at 6,000 days or $50,000, but 
even if the loss in time due ty fatal eccidents be jiedvctad, the average cost 
to each individual metal miner eech scer for. nonfatal accidents is about $32. 
Estimating the loss to the metal-nine employer as 2bout ths same as that: to 
the employee, the annual cost of metal-mine accidents to the employer is about 
$15,700,000 and to the employer and miner is. $31,400,000. © 


Couses of Acci dents 


In a tabulation of the four most: icportaut censes of accidental 
deaths in the United States in 1928 by months, J automobiles came first in each 
of the 12 months, with falls second in each month except July, when drowming 
took second place and falls third. Fimwes based on the compensation awards 
made in New York State shoved that fails were the most serious industrial in- 
juries and in 1926-1927 and 1927-1958 causcd the zreatest number of deaths, 
but in 1928-1929 mechanicai avneretus injurtes were responsible for one more. 
death. In 1923 the number of injuries cue to falls, as compared with the 
total number of injuries, was 14.3 per cect; in 1929 the number nad increased 
to 19.1 per cent. In the tcst-1 rmount of time lost, severity of nonfatal in- 
Juries and total cost, falis vcore the most serious industrial accidents.10 
"Butter fingers" and slipmery feet are the chief causes of accidents in indus-— 
trial plants, according to Edward 0. Allard, manager of the safety engineering 
and inspection department of the American Surety Co. and.its affiliated com- 
pany, the New Yorx Casualty Co. Altogether, said Mr. Allard, 11 nearly 11,000 


8 ~ Denny, E. H., Accident Cost and Mine Safety: Information Circular 6166, 
Bureau of Mines, September, 1929, 6 pages. 

9 ~ Same reference as item 4. 

10 ~ Gernon, James L., Falls of Workers: Safety Eng., March, 1930, p. lee. 

ll —~ National Safety News, Human Slips Causa Most Plant Accidents: January, 
1930, pe. 50. 
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fatal and senatea cases were analyzed, Hear ae was’ ‘fotina that more than twice 
‘as Many accidents were due to nonmechanical. causes as were chargeable to 
‘machinery: in: operation, the former. total being more than 7,700 as against less 
-thap 3,200. These figures emphasize graphically’ the importance: of the Inman 
. factor in.the situation. Far-sighted manufacturer's have installed guards on 
- Moving. belts and. machinery, ‘and have ‘gafeguarded other points of hazard, because 
>. Secident:: ‘prevention. is good. business practice fron every standpoint; yet it is — 
--@yident that employees continue to suffer: injuries, many of which are fatal, be- 
"-€ause. they. do not exercise sufficient care in ae such escinety actions 
eas baie and carrying. , | 
oe ie Due to the Aeeucvenant in’ satis iate and ‘the use of safety iavisen, 
acetdeate, have very largely -been reduced where these protective measures have 
been employed. Accidents attributable ‘to the human equation and caused by 
carelessness, indifference, and thoughtléssness are increasing and Soneee tee 
the lmeoeet propeat in accident prevention to-day . 


i pends of accidents in metal mines. besotted the year Saatag Dexeien” 
31, - “1928, there were 273 fatal accidents and 22,483 nonfatal lost~-time accidents? 
‘in the metal mines -af. the United States.15 _ Five causes of accidents out of a ~ 
tobal:-of 39 causes listed. were the source of more’ than half of the nonfatal 
-acsidents.and nearly half of the fatal ones. That is, there were 22,756 acci- . 
dents trom all causes and 12, 012 of these wore due to the ns fiver causes: * 


° 
“7 ° r eect rr 
wy. oP ae eh 


ait Fall of rock or ore from roof or wall. 
“Rock or ore while loading at working face. a 


3. Timber or hand tools. *- (ee ee 
aoe 4. Haulage. oe te. ee 
: nae . : | es Drilling.. a. = : on oe es ; : | 


tn meted and: momiietalite mineral mings, airing’t the pertéa tony ie 13283: oe ne 
dents:‘due' to falls of men and material | cased SG 55 ‘per Gent oF: the’ fatalities : 
and 34.06 per:cent-of..the. injuries .14 a 
~ | ¥this' not possible to say how: many accidents are bie" to the fndividual 
and how many ‘are due to conditions over which he has no ‘control, ‘but the-fact 
‘ that’ more than naif the accidents in mines are due‘ to operations in ‘which per- - 
: sonal | responsibility has more opportunity to function ayid that investigations 
4p industry. in-general show that about 90 per cent’ of the accidents are avold- 
< ~abke: ‘would . indicate the part played by the individual” dh accident causation. 
- shogording to statistics compiled. by the Division of* Sarety end Hygiene’.of the 
‘Industrial Commission'of Ohio, the five orincipal’ cases of accidents,’ in which 
the hymen. element is largely reennant erst, st “ maintain their’ eeretive 
standing year after year. al | : 


~ 
~ 


2 - “Gafety Gngineering, is Tajuetriad Recidente. Tnereasing - If fe , Woy? _ 
-- October, 1927, p. 113. ~ | eg ke re 

13 — Adams; W.W.;, Metal—Mine Accidents in the United States,: "ugza: Bull. 320, 
Bureau of Mines, 1930, p- 35. 

14 - Cannon, F.D., Accidents in Metal Mines Due to Falls of Men sad Matériel: 
Rept. of Investigations 2944, Juie, 1929, 9 pp. 7 

15 - Safety Engineering, Human Element Largely Predominant in Ohio Accidents: 
June, 1929, p. 257. 
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VAIUE OF HEALTH SUPERVISION IN INDUSTRY 
FROM THE STANDPOINT OF ACCIDEM) PREVENTION . 


The consensus of opinion that seems to point toward the. individual ‘ea. 
the most important factor in accident csusation leads to the conclusion that we. 
must seek the type of information that can be found only through the oritioal... £5 “ 
examination of the human machine in order. to reveal its aericiencies,. either. a ert 
structure or.of function. This princinle.is apvlied to every complex. devices hivos 
used in industry but is neflected with regard +o the infinitely more complex a; 
device that guides the macninery. The operé.cor who would not, Pa lh 
ing untested machines into his mines or factucies and who takes all reasouabler 2s 
precautions to see that his toois and avpliances are properly constructed and 
adapted to the purpose for which they aze to be used, will not hesitate to empl oy 
@ large number of workers of whose physicél capacity and health he has. ng :come. ios 
ception, some o> whem may be suffering with diseases that may endanger. the safety .: 
and health ox ell the «thers and be a source of economi¢ Joss through , Lowered, -- .+: 
efficiency and increc-ed compensstion risk. For instance, -@ pelson suffering - 
from epilepsy is not a prcper one to carry a box full of dynamite, yet few en- 
Pleyers inquire whether the men entrusted with such an amporcent task are eee 
to this disease. _ dee 


The two most important factors essbding the. health of ‘the individual 
in. connection with his industrial life are (1) his physical condition when he | 
enters exployment and (2) the conditions of his working envirorment that may 
affect hin aiterwerd. | 


Physical Condition. of Emplovees as Reveale 
é - by Faysical Examination 


2G 4 study of the results now available of vhysical examination 4n. indus- 
try indicates that perhaps many of the accidents, atsributed to the carelessness, 
indifference, or mentél ‘deficiency of the errloyee may be ane to poor ad or 
to eee or unrealized physical defects. ; ; 


The physical deficiencies of the men of the United States pecans 
glaringly apparent not only through the lazge number rejected entirely after 
examination for the draft ducing the war but through the fact that even those 
found eligible for service couid not be used in battle until they had been | 
physically trained. The rejection rate in the first draft in the United States 
for active military service of men between the ages 21 and 31 was 33 per cent. 
In Great Britain the rejection rate for ages 18 to 24 was 64 per cent; only 36 
per cent. were accepted in Grade 1 as eligible for full active military service. 
Pre-war reports on the examinations for the United States Navy,16 while less 
representative of the general population are of interest as showing the types of 
physical deficiencies that are found among men having sufficient confidence in 
themselves to apply for enlistment: 


16 - Fisk, E. L., Health Building and Life Extension: The MacMillan Co., New 
York, N. Les 1923, p. 18.~ . ° 
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Number of men examined...... Sicee wraie io oo G)a0e ~ 82,592 


Number of men rejected for all causes ...... 51,167 
Causes of rejections: | 

Defective eyes .......ceeecerees aieldes ais .- 11.4 per cent 
Underweight ...... side eiese enous ee re - 65 * Ht 
HIAU T00U: sG-oicese ce See eeta tse sendy’ eoaace 6.08" 
Defective teeth ........... sisesetocb e-Seaie te oes ica (O59 8 
DOTOLMICLSS 6. issse 6 eG W ea RS RAGS ees 4.3 " 
Varicacele or varicose veing ..........-6. 38 " fi 
Heart affections 4166s66 hi esos seesaw tees - 28 * N 
Hetent, UNndOr séisven secieueies Seecdaxecies. 2eb: ™ 8 
Poor physique ........ee.0:-; Dee aseaueutacune o- 20 * HI 
HOY 666s40%% sg heeled aoe eet Mum iens, os Bk roan eee << ioc’ 8 
Genito-urinary - cancacal Lea eeeeae< iweeee, Le6 oO OM 
Hernia or tendency to ...... Bate ateitane seamed 1.6" 
SEIN: GLGGA86: 66 siaisie sores ae st hee atae ews - 1d * & 
Height and weight, under .........ceeceees ink = 
Tuberculosis or suspects .........e.cse~ se. tek § 
PYOrrhe® o.ceseuessaes egaeeell alee ee Dieta .- 108" 
Tonsillar conditions ........-.ecccseeee - eta 
Genitourinary ~.nonvenereal ......ceeeeeee 66" f 
Nasal abnormalities .......... er re oe 57" 8 
Febrile conditions ..... sie seares atecaio ane cecens ae 467 &f 
Mental disorders ........ so doula ieaterereiaieta-e4 oo woo © Of 
Goiter or tendency to .......... oacumuacereeee og in 
Defective speech .......... {Cereeaee snes ~- olf # ft 
Miscellaneous causes .....cceccccccrceccces 3.41" ff 
Total number rejected ............ ‘eseeeeee 62.00 per cent 


A summary of the final report of the draft examination showe that 
among the total number examined, both accepted and rejected, there were found 
468 men per.1,000 with defects worthy of record. However, physical examination 
of employees either for employment or periodically for improvement of health 
conditions made prior to the war indica‘e that the draft records underestimate 
the true conditions. @ , 


.In more than 100 plants where physical examinations of aempodealy 
well employees. were made by the Life Extension Institute wholly for the purpose 
of detecting physical impairments and offering counsel as to their correction, 
the following types of impairment were found in representative groups of more 
than 10,000 people actively engaged at work: 18 


17 ~ Same reference as item 16, p. 97. 
18 —- Same reference as item 16, p. 97. 
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See Per cent 
Class 1. No physical defect or impairment. reported — 
No thodi fication of living nabits required .. ° oO 


Class 2. Slizht physical imneirment or defects - 


requiring some form of hygienic. guidance. ..<' 10 . 
; bogs Sestan S 


Class 3. Moderate physical impairment or defect . 
reqyuirinz some form of hygienic evidance — 
or minor medical, dental or a cota ; 4 
treatment pede is Cease eeee wee EL 


Class 4. licderat e phyzical impairment or defect, 
medical supervision or treatment advised 
in addit ion to hygienic guidance peewee enews, “OO 
Class 5. Aavanéed physical immairment or defect 
remiring eyetcuatic medical sunervision “ 
qr seh a lc aba a hae 


Cless 6. Serious physical impairment or defect UPS 
gently demanding imsdiate een ae Lees Pe 


~ om eee cee ee ea ee ee ee oo ow ow + 


the connecticn Letween poor heaith and pnysicei defects and accidents? The Hood 
Rubber Co.,29 in.a study of absenteeism, found that the accident rate: for women 
rated as third class by physi cal examination was nine tines eredter than for 
those rated as first class. Amons the men, tnose rated as third class showed 
nearly double the accident rute of those rated @s second cless. These findings 
were obtained in spite of the precauticnary measurs ot special placement of 
third class persons in occupations involving low accicent risk. 


Co nnects ion between een vnysical c coneit en sae pcetfent:. oceurrence.- What is 


The relation of certain physical detects to accidents:is apparent to 
any one, such as loss of an eye, ai arm, & ies, or fingers. -But physical and. - 
mental defects ‘exist in eyery degrse.2rom the verfectiy normal to.a-total loss 
of a member or of the function trereoz. Tor instance, “in the case of the eye, 
we may have a’ total loss of the eye, or of its function of: vision, or of any 
degree between that dnd the nuzmal, and the same is true with every other men- 
ber of the body. Many emslosinent men hesitate about hiring the man with one 
eye, but as they can not see the inside of the heart, ‘they hire @ crane man who 
is a menace to. himself end every man working under every lift: he makes. They 
turn down the man with two or more fingers off and hire the man with active 
tuberculosis,’ and fail to take precautions to prevent the spread of the disease. 
They will hire the man with two good appearing. eyes, who may not be able to see 
the largest letters on the test chart. According to Schram, 9 there are many 
more men applying for work in the average industry whose eyes appear all right 
and yet who are almost blind in one eye than there are those whose eye defects 
are noticeable. - - . | aa 
19 — Sappington, C. 0., Watch the Worker's Health: Nat. eee News, October, 

1928, p. 96. 
20 - Schram, C. F. N., Industrial Health as a Purchasable Commodity: Safety 
Eng., May, 1925, pe 195. 
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The most widespread physical defect, and therefore probably the one 
involved in the largest number of accidents, is defective vision. Studies in 
Pennsylvania have shown that more than half of the total accident claims arise 
from injuries to the eye.©l There is no method for determining the percentage 
of accidents happening to other parts of the body that might have been avoided 
had the employees! eyesight been-raised to the point of highest efficiency. 

The fraction of a second necessary for the normal, healthy eye to comprehend 
the circumstances of danger may be all that is needed to avoid a blow. In such 
an emergency, however, seriously defective vision is almost entirely helpless. 


The statement has been made“ that about 70 per cent of our muscular 
activities are initiated in response to impulses induced by our sense of sight. 
This fact, coupled with the average deSective-vision conditions, may in large 
measure explain many accidents which, for want of a definite understanding of 
their causes, are at present ascribed to Geneheoenese or heedlessness. 


Various statements are made as to the ananbee of persons in industry 
who have defective vision. One writer” states that 30 per cent of the persons 
who finish school and engage in business enterprises have defective vision, and 
that the lighting conditions in many of the establishments that they enter are 
even worse than those found in our schools. Therefore we should not be sur- 
prised to learn that investigation shows the percentage of workers having de- 
fective vision to be greater than the percentage of school children similarly 
handicapped. In some plants where thorough examinations were made it was found 
that 9 out of every 10 workers had defects of vision and that only a small 
mumber were correcting these defects with glasses. In other plants between 60 
and 80 per cent of the total number employed had defective vision. It would 
appear on this basis that betveen 25,000,000 and 30,000,000 workers in this 
country have subnormal vision. 


In 1924, according to the seport®® of the Ford management to the 
Eyesight Conservation Council of America, 29,000 to 60,000 Ford employees 
examined had defective vision. The Ford report stated that although this wes 
very high, the percentage of defective vision would have been still higher if 
more complete eye examinations had been made, which was not considered a 
except in special cases. 


In some mines, in which the cuployees have been given @ physical 
examination, the percentage of eye defects seems to be lower than in other 
industries. In an examination of the eyes of 800 employees of three mines of 
the ‘St. Louis Smelting and Refining Works and the National Lead Co.,©© only 
about 20 per cent. of the men had defective vision. In an examination by the 
U. S. Bureau of Mines of 1,098 miners, 21.4 per cent were found to have 


zl = Be 28. W.H., Eyes that See Avoid Accidents: Nat. Safety News, July, 1929, 

De 8 
~ Simpson, R.S., Defective Vision and Industrial Accidents: Safety Eng., 

June, 1923, p. 220. 

23 —- Same reference as item 22. | 

24 ~ Same reference as item 22. | | 

25 - Safety Engineering, Defective vision in. Tord Plant: January, 1924, p. 44. 

26 - Briggs, G.M., Striving for Safer Mines and ae: Nat. Safety News, 
April, 1928, p. 13. 
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defective vision in one or both « eves. Trenty. of 81. applicants. who. presented them- 
selves for examination for certificates as hoisting eoeeeee es in. Utah: had de- 
fective vision.<? | —o | 


. In addition to derectixe vision, the many other defects found among . 
industrial emcloyees are potential causes of accidents, not only to #n8 individual 
ee arom: si but to other employees as well. ; 

In the burexs of hiines investicati on mentioned above, in addition to 
defective vision, the foll«awing other poysicel defects were found: Three-tenths 
of 1 per cent of the men were totally deaf, 5.4 ver cent had defective hearing, 
3.8 per cent artificial teeta, 9,35 per cent cavities, and 35.2 per cent had 
pyorrhea. In reference to pyorrhes, this is one of the most frequent causes of 
rheumatism and lumbeso. Forty-five per cent of the men had several teeth missing. 
As a whole, the exeminetion of the tecth showed that 56.6 per cent of the men 
were in need of dontai service. Chronic catarvh of the nose and throat was found 
in 1.7 per cent and enlarg:1 tonsiis in 15.1; 8.5 per cent of the tonsils were . 
septic; 3.of 1 per cent had edevolias; .1 of 1 per cent hed new growths (by- new . 
growths @ cancer is usvaliy implied) and 1 per cent had tumors, probably. cancer. 
Examination of the ebicnen disclcsed that 8 per cent showed evidence of chronic 
appendicitis, and 4.6 per cent had hernie; in 2.3 per cent some enlargement of 
the glands of the body was present, inciceting syphilis; 0.2 per cent had anky- 
_losed joints; 2.6 per. cont had fiat Leet; 2.2 pos cent had bad varicose veins; 
0.3 per cent hed hard chancre at “he tine of examinations 0-9. per cent had 
gonorrhea; 5.7 per cent had varicocele; 5.1 per cenit hycrocele; 1,1 per cent had 
acne, O.l per cent hed eczem2; 0.1 per cent pscriasis, erd 0.1 per cent large 
scars that interfered with ihe performance of the part; 12.8 per cent had 
hemorrhoids; 1.8 per cent hed. miscellaneous diseases; ee Der cent nad silicosis; 
209 per cent had tuberculcsis and silicosis; 1.1 pe: cent hai tuberculosis alone; 
9.6 per cent had high blood. ‘pressure, so high that it would.be dangerous for them 
to work; 1 per cent had Gefinitely ereve neart diseace, and 0. 6 per.cent had an 
irregular heart that probabdiy was. cangerous; 15 per cent had. syphilis, indicated 
by @ positive Wassermann; 54 per cent nad not been vaccinated for smallpox; and 
92 per cent had not been vaccinated aseiast ti vpaoid Lever. To sum up, the 
physical examination of these 1,098 ‘minors siowed tuet 32.2 per cent were suffer- 
ing from serious physical defects or Gisccczes. The physical defects of 66 per 
cent of the men could be corrected by competent medical or dental treatment, and 
many of the others could be benefitted by such treatment. 


| There is not a erent deal of material available showing the connection 
between the pays: ic@l condition and accidents that the individual may experience. 
However, in a study of accidents among motormen and bus operators,“8 a canvass . 
of the company's records showed that accidents did not distriqute themselves | 
impartially among the men who operated the cars. Half the accidents hapvened to 
less than a third of the operators. In one group of 200 men of ample experience 


2? —~ Murray, A.L., The Efficiency of Mine Labor wita Special Consideration Of 
Industrial Medicine and Health Conservation: Rept. of Investigations 2117, 
Bureau of Mines, April, 1920, p. 2. 

28 - Slocombe, C.S., and Bingham, W.V., Men Who Have Accidents, Individual - 
Differences Among Motormen and Bus Operators: The Personnel J UR vol. 6, 
Noe 4, December, 1927, 251-257. ; 7 8 nal 
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and maturity in-the service, half of the accidents happened to only one-fifth of 
the motormen. Also high accident men were found to have @ poorer general ser= 
vice record than low accident men. More of them tended to offend and to offend 
more oftén. All men over 50 years of age are given an annual medical examination 
by this-company. Among the items measured and recorded are blood pressure, 
systolic and diastolic. The men over 50 years. of age with abnormal blood pres- 
sure had on the average more than twice as many accidents as did men of compar— 
able age and experience and with normal blood pressure. An interrelationship 
between these three factors—~abnormality of blood pressure, number of delin- 
quencies, and accidents-—-would suggest that in some moasure the physiological 
condition probably meceounts for neue the number of delinquencies and the nunber 
of accidents. | os 


| sot tinchan?®: ‘gives-the following interesting account illustrating the 
connection between accidents and. gp eee es 
' About four years QZ0 : while tooking | over the | 
- ‘-pecord of an accident repeater, I discovered that he had 
' ‘gustained 30 minor lost-time accidents within a period 
of less than two years. He was sent for and given a 
general physical examination: ‘During the course of his 
- - examination he gave the history of having had repeated 
attacks of indigestion and had to be very careful in the 
. selection of his diet. A diagnosis of chronic gastric 
ulcer was finally made, the man was. operated upon, re- 
- ' covered and returned to work, and since that time has. 
~, not: beén ‘connected with an accident in any wey. 


With a realization of the pene ere condition of such a large 
proportion of industrial workers, the importance and econcmic value of health 
supervision in industry becomes increasingly epparent. 


: The work of a plant physician should reach all desartments and all 
activities of the organization. The physician who coufines his activities to 
the plant dispensary is found to be of limited value to the industry with which 
he is associated. It is. only as his influence reaches into the operating de- 
parvments that the fullest measure of his service is realized. Co-existent with 
his curative and prevéntive activities should be a desire to see that men are 
placed at work for which they are physically qualified. The only method of 
attaining thisend is through the physical examination of workers and applicants 
for employment, to determine not ouly their physical condition but their mental 
attitude as well. Such examination should disclose in each case whether the 
worker is fit for the job. for which he applies or is occupying or whether he 
should be given a different type: of work because of some physical defect or 
weakness, or réjected if no suitable-work is: then Exar Atos More and more the 
effort is being made to find work for all.- : 


29 ~  Cottinghan, M. D., Guarding the Worker's Physical and Mental Reavtht. 
Nat. Safety News, April, at page 34. = 3 
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Physical examinations are frequently made of workers to be transferred 
to more hazardous or execting jobs. This often will prevent a future accident 
or breakdown in health.40O The following is & good example of death that might 
have been avoided had such a type of health supervision been in force.ol A man 
67 years old, apparently hale and‘hearty and who boasted that he had not seen a 
doctor in 40 years,: yas employed in:carrying barrels and bags of leather material 
weigning up to 100 pounds each and placing them on sheives and storage piles 
from 3 to 6 feet. high. He had been handling bags and barrels in this plant for 
several years when one day after placing a barrel on the sorting table he com~ 
plained of sudden pain in his storach.. He died the next evening from an internal 
hemorrhage. The autopsy showed chronic ulcers of the stomach which had ruptured 
@s & result of the strain from lifting a heavy barrel. 


_ Another case: was: that of a husky pressman in a printing establishment. 
He was over 6 feet tall and assisted in handling rolla of paper weighing about 
1,500 pounds; two or three men occasionuily lifted cne end of the roll to put 
@ block under it. One day he-had been tioing some: such. heavy lifting but evidently 
did not realize that he had ‘injured: himself and started home "jolly and laughing 
as usual." A little later he was found dead in the doormey of the plant. Autopsy 
showed that an artery near his heert. had burst. There was evidence that he had 
hea heart trouble for some. time. . A -therough physical examination probably would 
have revealed this trouble and indicated :to. him the danger of working at a job in 
which he had to do such heavy, yfting, : oo | 


An intevastine case, a ht ohe a cursory, oe tae tiea euavee of great 
value, was that of a boy 16 years old. but large. for his are--in fact, &.man in 
stature--who was employed -in@ shop, ‘-By. struggling: desperately he had finished 
the eighth grade in @ grammar school. He was highly sensitive and somewhat 
morose and sullen because, although he was both larger and older: than his fellow 
pupils, his scholarship was lowest. On two occasions within & week after employ 
ment he partially or wholly destroyed material upon which he was at work, and 
narrowly escaped injuring his hands. At first it wes thought that his lack of | 
familiarity with industry in. general and with his own work in particular accounted 
for his mishaps. Fortunately, however, his foreman was @ person with modern 
ideas and believed there was: some-better explanation for ths boy's.-misfortunes. 

He therefore questioned the bey and took him to his desk rnere he. subjected him 

to a rather crude eye test.. This led to-consultation with an oculist, who. dis-~ 
covered that the boy had a serious visual defect and prescribed suitable correct— - 
‘ing lenses. Two days later the boy returned to the shop wearing glasses. He oe; 
was somewhat self-conscious at the. start, but there was a notable improvement in | 
both his mental and physical outlook. Eis foreman induced him to take a mechan- , 
ical course at the night sessicns of a trade school and four years later, at the . 
age of 20, he was the assistant superintendent of the shop--a. meena self- 
respecting menber of the community .99 : | 


30 - National Industy ial Conference Boerd, The Physician in Industry; mn 
Symposium: Special Report No. 22, June, 1922, $8 pages. | 

31 - Beyer, David §., Causes of Accidents rin Handling Material: Safety Eng., 
February, 1924, p. 101. 

oe — Same reference as item 21. - 

33 —- Same reference as item 22. 
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In many cases @ worker with physical defects or suffering from some 
diseased condition, often unknown to himself, is a cause of accidents to others 
@s well as to himself. Bordley=* reported a death and @ serious accident in a 
steel mill from an overhead crane, both the result of defective vision in the 
operator of the crane. This man was given a thorough examinetion and his vision 
wes found so defective that he had no idea of persvective. Another man with 
serious heart disease was allowed to operate a dummy engine in a mine. His 
heart failure and sudden death resulted in injury to several employees who were 
in the cage being hoisted by this engine. 


As indicated by the above examples, physical exemination is the key- 
stone of industrial health work and serves as a background and stimulus for 
preventive medical work in industry. 


The extent to which prospective employees snould be subjected to 
physical examination depends in large part on the type of industry in which 
they are engaged. There are special types of occupation for which a more 
searching examination with respect to specific details is necessary, such as 
those in which particular importance is attached to eyesight, hearing, or pos- 
sible previous beginnings of industrial disease, as among certain metal and 
chemical workers; also those in which the acme of physical perfection and 
endurance is required, such as engine drivers. However, all applicant examina- 
tions should be so carried out that the clements in the physical field covered 
would enable the examiner to detect:5° 


1. Active pulmonary tuberculosis. 

2. Cardiac disease with potential or established 
decompensation. 

8. Active or chronic venewcal disease. 

4. Acute contagious disease. 

5. Chronic progressive disabling disease, such as 
Bright's and diabetes. 

6. Potential and active focal infection... 

7. Defective vision and hearing of a degree incom- 
patible with the requirements of a given industry. 


The chief objects es physical eramination are: 


l. To place the ee in the occupation that suits 
him best. 


@e To detect the presence of remediable physical 
defects in order to enable the worker to correct 
them. 


34 - Mock, H. B., Industrial Medicine and Surgery: W. B. Saunders Co., 
Philadelphia, Pa., 1920, pe. 3530. 
55 — Same reference as item 30. 


8233 | ee 


I.-C. 6367. 


3. To determine the presence or absence of serious 
organic disease, either of which may have an in- 
porte qt bearing on emu! ee, sclection. 


4. To Prevent webntiouea disease, by excluding 
coptible workers from specific hazards. 


5. To prevent the spread of communicable. eee 
by the exclusion of infected rersons. 


Value to the emolcyer of physical | ‘pxaninot4 ton ot ee The placing 
of all comers. on jots w: withoub’. any effort ata a physical selecticn for their work 
is resvonsiblo for’a great financial waste that can not.be determined but.has . 
been estimatcd?5 at. more than — 069, ,C00. Some of the sources of this waste 
are: | 


1. a turnover due to the employment of the unfit 
ho lates must be discharged because of inability 
te do the work or rho are forced 19 stop work due 
to adveacinz disease. These latter have been a 
source ct loss during the entire period of erploy- 
ment on account of the gradual Eecegere in their 
eiticiency. 


Re aeKenscd ineustriel Liability to acct. dents com 
those who, becavss of their physical condition, . 
are subject to frequent accidents. || 


3. Absenteeism due to illness and, lost-time accidents. 


4. Liability to long disability compensetion of those 
who suffer accidents that ordinarily sould not be 
serious but. because of coiznc-dental ruysicel con= 
ditions, eause prolonged disability or death. . 


5. Loss of services of those tho cre healthy through 
contraction of contasious oe ses. The acute con- 
tagious diseases are more cacnon, but tuberculosis 
and syphilis also cause erent loss. 7 : 


Based on incomplete data, the Department. of Lebor’ settnates’? the total 
annual number of disabling work accidents under normal industrial conditions as 
approximately 2,455,500. Of these, 21,230 result in death, 1,730 in permanent 
total disability, 105,620 in permanent partial disability, 540,350 in temporary 


36 — Mock, H. E., Industrial Medicine and Surgery - A Resume of Its Development, 
Scope, and Benefits: Jour. Indust. Hygiene, vol. 1, 1919, 252~253. 

37 - Davis, James J., Communication to the Committee on Labor, House of Repre- 
sentatives: Report No. 1392, 71st Congress, 1929. 
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. disability of from two to four weeks, and 433,00Q in temporary disability over 
four weeks. The injured workmen and their dependents are reimbursed in accident 
compensation approximately. $200,000,000 .each: year... This compensation is paid by 
the industrial employer. Another $35, 000,000 is probably paid by the employer 

in the cost of turnover or replacement of these workers, which has been estimated 
to be $35 for each individual.38 There is still another possible cost to the 
employer for which no estimates are available and that is the breakage or spoil- 
age of machines and material that may occur as a result of accidents in which 
workers are injured or killed, or through impaired health and — of the 
workers. 


The employer should-not. make: physical: examinations with the sole idea 
of weeding out the unfit. It should be kept in mind that men must work and it 
is the duty of the plant physician to place men to the best of their abilities. 
He should remember that if a man is, for physical reason, & danger to himself, 
to his fellow man, or to the job, he should be adjudged unfit for the position. 
Other than this, a sincere attempt should be made to place all persons. One... 
industrial surgeon thinks59 that applicants having the following defects may be 
admitted to most eeowerTeery without undue risk, provided aa are selectively 
pees and . watched: ; 


4, Hernia of. see: duration which is completely | 
or well held by a truss, provided the appli- 
cant has done work similar to that for which - 

he is hired zor noo cere preceding. 7 


oe, * 2. Varicose wena ‘provided eer and edema oo 
| ankles are absent. oe 


3. Varicocsle, af supported ty suspensory. 


4A, Flat feat. without symptoms: thet is, pain in 
foot: when applicant walks on. pone, or pain in 
.- back;on. ee over. - a 


Be. Deafness, except in ‘special departments. 


6. “Defective “isien. depending upon. hazard ane: 
-, , type of sworkee:. °, 


?. Arteriosclerosis : 


8.. Endocarditis, ‘macgompanied by myooardaitia. 


9. Aereatcs Gubarculosie = in seca. departments. 7 


. -- oe « ears = 


38 — Same reference as item 16. 
59.- Physical Examinations.in Industry:. Nat. Safety awa: March, 1929, page.2s. 
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a ya Tha. following five types of defects he considers: omy hasardous: 
a 6. Arthritis of spine or sacroiliac region. = " 
2. Arthritis of. joints of lcng bones. | 
3, , Old injuries ‘to ones entering into a Joint. - 
4. : Infected tons ils and those suzcesting a, tendency | 
to infectic. 


| eee Potential hernia in Southern, n Turgpeatis of, stocky 


e ra 
. _ 


Value. of physical exan seminar ion. to the exployee.- From an economic stand- 
point the worker is the. one. wo pays the greater part of the enormous cost of 
industrial injvries.- According te the Sscrecary of Labor,*0 the total annual 
wage loss resulting from these industrial accidents emounts to at least 
$1,000,000,000. The injured workuen and their dependents are reimbursed in 
accident compensation approximeteiy $200,005,000 por year. Thus it will be seen 
that in spite of the compensaticu iaws the wozrers must still bear four-fifths 
of the economic ee resulting from iniustrial injuries. 


If, as has been estimated, 90 ver ‘cent of the accidents are due to the 
individual workers ani protably 90 per cent of these workers have physical im- 
pairment or defects ranging from moderate impairment-—-requiring some form of 
hygienic guidance or minor medical, dental, or surgical t1reatment—-to serious 
physical impairment or defect--urgently demanding immediate attention——and that 
probably 75 per cent of these impairments or defecss cculd be cured or benefitted 
by treatment, it is of the greatest advantaze to the individual that he find 
out his physical asscts and liabilities. In additicoa to the economic loss in 
wages due to accidents, menSioned above, the worle: wust count the hours of 
physical suffering and the inconvenience to himsel:? and his family, as well as 
the possibility of permaneus, partial, or total disability with a loss in his 
earning power. Probably in many cascs the years of mental distress outweigh 
the years of pain and sufferinz incicont to tne immediate accident. It is in- 
possible to evaluate the actual cost to an injured person of reduced earning 
power and inability to advence in position. But for the resulting handicap 
he might have been advanced fer un the ladder of supervising responsibility had 
not accident and disability cut short his prospective career. The whole theory 
of physical examination from an industrial standpoint is to fit a man to his 
job, to put him to work at a job which he is physically able to do. Physical 
examination is the one sure way to determine, in the best interests of the 
workman himself and of his family, how his earning capacity. oan be maintained 
and the period of his useful life lengthened. 


40 — Same reference as item 37.. 
41 ~ Safety Engineering, What shall We Do About Industrial Derelicts: January, 
1929, page 26. 
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INDUSTRIAL ENVIRONMENT AS A FACTOR IN ACCIDENT CAUSATION 


In accordance with sacle of physical examination prospective em- 
Ployees may be classed es follows: ef : 


1. Those physically fit for any work. . 


2. Those physically’ underdeveloped; or with 
some slight anatomical defect; otherwise 
fit for any work. — : 


3. Those fit only for certain employment when 
approved and supervised by the medical de- 
partment. 


4. Those unfit for any sepleyuante 


‘When persons are graded as Class I, this does not mean that they are 
entirely free from physical imperfections, but that the imperfections found are 
of little or no significance when considered from the industrial standpoint. — 
-Experience-with physical - examinations.in. industries would indicate that probably 
most of those in Class II can be resto~ed to a normal physical condition by 
simple medical treatment and thus be fit for any employment. The reports* of 
one large corporation. employing thousands of men show that 7 per cent of those 
applying for work were physically unfit but that by simple operations and other 
corrective measures 75 per cent of those rejected on original examination were 
sufficiently restored to normal to warrant their employment, thus the total net 
rejections amounted to less than 2 per cent of all those apolying. Persons in 
Class III may be assigned employment suited to their abilities, provided proper 
medical attention is given to them an“ their condition checked at frequent inter- 
vals to determine whether or not their occupation is having an effect upon them. 


However, individuals rated in Class III should not be employed in 
certain hazardous industries, and those in the first and second classes, 
especially the second, should be very closely supervised, since certain physical 
impairments that may be unimportant in some industries may put them below the 
limit of tolerance for the conditions to be encountered in the more hazardous. 
industries. Periodical physical examination is especially valuable under these 
conditions. 


Abnormal conditions of the air and bad illumination are two of the 
health hazards in the mining industry that may affect the worker in such a 
manner as to predispose to accidents. 


42 - National Industrial Conference Board, Inc., Medi cal Care of Industrial 
| Workers: Chapter III. Physical Examination. of Employees: New York, 1926. 
43 —- Murray, A. L., The Efficiency of Mine Labor With Special Consideration of 
Industrial Medicine and Health peer erage, Rent. of Investigations 2117, 
aes grea ails +6 PRY . eee See 
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Abnormal Air Conditions as Factors in Accident Causation 


- . Abnormal conditions of the air may be Cue. either to physical or 
chemical changes. The physical changes are, abnormal tenverature, numidity, and. 
air movement, and the vxeserce o2 dusts. Chenical changes may be due to varia- 
tions in the normal constitveuts, as. Lowered exyegen or increased carbon dioxide; 
or to the addition of abnormal constituents, es carbon monoxide (white danp), 
hydrogen sulphide (stink damp). sulphur ence Ce, metaane (marsh Eas, fire damp), 
hydrogen, and nitrogen. | 


Temmeraturs, humidity, end air movement as causes of accidents.- 
According to Hove,4# accicents in factories skow a season®l fluctuation ‘on similar 
to that shown in pereeatace of output, a8 they are more frequent in summer and 
under bad conditions of ventilation the an in winter and under good conditions of 
ventilation. An exception occurs, however, in very cold weather if the tempera~ 
ture falls too low, more acczdents occurrirz from slipping of tools, etc., if 
the hanis become too cold. Se mentioned that in a fuse factory the accidents 
were at a@ minimum ai. temperatures between 60 and, 6908. SYcve these temperatures 
there was @ slisht and vrorrassive inozease with rice of temperature, but with 
lower temperatures there was a well-maxiced increase, so tnet, in the case of 
women, there were two and a halt times as many accidents dren the external tem- 
perature was at or below freezing then vhen it wes 47°F. or over, and the acci- 
dents among the men were twice as mumerovs. This result is largely due to the 
' numbing effect of cold on ths henés, esrecialily when cold metal tools have to 
be held an them; but tnere is also a munabing effect oa the brain, a 


| "pean data collected in two munitions factorics rz @ projectile 
factory on inéustrial accidcents in relation to temoerature, Vernon®95 observed 
that in both. men and women the minimm accident fre-vency was at 65 to 69°. At 
lower temperatures it gradually increased to a similar extent in men and women, 
till. at 50 to 64° it was 35 per cent greater than at 65 to 69°. At temperatures 
below 49° the frequency fell off slightly. ‘This Cucrease may have been due to 
the fact that the workers rere too cola to lzeap up vLeir usual rete of produc- 
tion. In such a case they vould exnose themselves +9 less 'risk of accident. 
At temperatures above 65 to 69° the eccident freouency showed only a slight 
rise for the women, but for the men it increased rapidly; and at temperatures 
above..75° it was 39 per cent creater than at 65 to 6¢°. Probably this differ- 
ence was due to the fact that the work of the men was often of a heavier char- 
acter than that of the women, and the greater tne exertion required the more 
a must be the erfect of exposure to high temperatures. 


“Heetnes li;ht is throw on this subject by Vernon and Bedford, 46 2 
to the relation of atmospheric conditions to accidents incurred in ree 
collieries. The results show that as the temverature of the: seam rose (or the 
kata cooling powers fell), the accident frequencies of the colliers and 


44 - ; Sayer's, R.R., and Davenport, Sara J., Review of Literature -on the Physio- 
logical Effects of Abnormal Temperatures and Humidities: Public Health 
Reorin$ No. 2150, 192”, St oD. 

45 ~ Same reference as item 44. 

46 - Narmer, Eric, and Chambers, E.G., A Study of Pecsunsi pace ies in Acci- 
dent Proneness and Proficiency: Industrial Health Research Board Report 
55, 1929, 54 pp. 
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trammers, who work at or near the coal face, tended to increase, while the 
accident frequencies of the haulage men and other employees, who work in the 
airways where the temperatures are lower, remained practically constant through- 
out. 


These preliminary conclusions have recently been confirmed through 
another investigation by Vernon and Bedford relating to the causes of absent- 
eeism in a group of collieries employing 23,000 miners. In this inquiry, it 
was again shown that accident frequency was closely associated with temperature, 
but that this association was limited to the less severe type of accident, the 
more serious accidents showing no such relationship, for whereas accidents in- 
volving absence of less than 10 days increased fivefold within a temperature 
range of 60 to 80° F., the major accidents were slightly less numerous at the 
highest temperatures than at the lowest, whilst the less severe accidents occu- 
pied an intermediate place. This aifferentiatian between major and minor acci- 
dents is attributed by the authors to the more ready tendency on the part of 
the men working at high temperatures to report small accidents. 


One of the most striking results of the installation of a cooling 
plant in the Morro Velho mine“? was the fall in the accident rate. In the 16 
months (August, 1919, to November, 1920, inclusive) previous to the starting up 
of the plant there occurred 20 deaths through underground accidents and four — 
cases of disablement, the total liability for compensation involved in connec- 
tion with these accidents being 80,675 milreis. In the following 16 months 
(December, 1920, to March, 1922, inclusive) there were six fatal accidents wunder- 
ground and four cases of disablement, the amount of compensation involved being 
35,820 milreis (one milreia is about 50 cents). 


Sometimes accidental deaths may be the indirect result of the faint~ 
ness caused by the effect of the heat on the circulation. As an example, 
Raymond*8 mentions the case of a man who fell down an upcast shaft, probably 
because he was overcome by the heat rhile putting in timbers. 


While the direct action on the body of increased temperatures and 
humidity may in itself predispose the individual to accidents, there are other 
points to be considered. One of these is the fact that a moderate increase of 
temperature--within physiological limits--will augment the action of gases. In 
@ study of the offects of exposure to low concentrations of carbon monoxide, 
it was*9 found that high temperature and humidity, with a given concentration of 
carbon monoxide, caused more rapid combination of the gas with hemoglobin than 
did normal conditions of temperature and humidity. This is of importance under 
conditions in which carbon monoxtee and ous toxic gases may be eucountetee: 


The correletion of paeiaent frequency with dry bulb and wet bulb 


47 ~ Same reference as item 44. 

48 - Same reference as. item 44.  s 

49 - Sayers, R. R., Meriwether, F. V., and Yant, ‘W. P., Physiological effects 
of Exposure to Low Concentrations of CO: Public Health Repts., Reprint 
No. 748, 1922, 16 pp. 
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temperatures was fairly high for coel-face roriers, according to a survey made 

of ten collieries in Englend,°O and was quite high for other underground. workérs. 
The correlation of accidents was, on tis whole, lérer then the correlation with 
temperatures, because of the disturbing effect cf the ait velocity factor. While 
the accident frequency was practically constant at all velocities under 60 feet 
per minute, it showed a considerable increase at a mean velocity of 72 feet; at 

a velocity of <c4 feet they vere 68 per cent more ‘numerous. ‘The accident severity 
was high at very low velocities, tit fell to a minimum at a velocity of 30 to 59 
feet per minutes then it rose rapidly, like the accident freduency.: There can be 
no doubt that a certain amount of air mcvement-is- necessary for the attainnent of 
maximum working capicity, and presumabt y the same. conditions hold for the attain- 
ment of minimm accicent Mebility. Arsuine feom the small amount of evidence 
adduced, the investigators concluded that probaoly accidents reach their minimum 
when the air currents have a comparatively low velocity, such as 30 to 60 feet 
per minute. Tho investizators suzzest that the increase in accidents at higher 
velocities may de dus to ths chilling‘of the men when they are temporari ly reste 
ing fron work and, as a ieee aca they would become stitfer and clumsier in 
their movements. , | 


According to the annual renort of the Secretary of Mines of South 
Africa,°l on the Witwatersrand the mine having the highest death rate from acci- . 
dents during 1925 was the Villege Deep wita an accident rate of 4.35 per 1',000. | 
‘The report states that the hich temperature in this: mine is no doubt having an 
indirect effect in casing accidents. A specizi investigation was made owing to 
four cases of sudden death that ocourred between. September 29, 1925, and January 
1; 1926 in this mine.” Since August 20, 1926, managers havé been required to re- 
port cases of heat apoplexy just as they do serious acc Gente. | 


Since some of the puvsi ological effects of high ameraciess and a 
midities are dizziness, physical wealmess or exhaustion, and irebility to think 
quickly or accurately, it is evident that a poerso:. suffering from the effects of. 
exposure to such conditions might show an increased tendeacy to experience acci-- 
dents. Probably the physiolovical effect of abnormally hich temeratures most 
likely to predispose the subjact to accicents is that on the circulatory systen, 
shown especially by the increase in nvise rats. After bringing out a car 1,200 
feet in the 1,800 level of the Julia tine of she Comstock lode, Nevada, in an 
air temoerature of 108 to.11l0°F., a carman hed a pulse rate of 140. per minute, 
which fell to 64 after a rest at the station. .In the case of a visitor, the 
pulse rose from 60, his norma! rate, to 120 after walking through the arift.o° 
Though no arbitrary rate at which certain symptoms occur has been determined, 
the consensus of opinion indicates that very uncomfortable sensations are felt . 
after the pulse rate exceeds 135. per minute, and that the atmospheric condition 
becomes almost unbearable when the rate exceeds 160 per eater | 


a et tests nk a oe a a 

50 - Vernon, H. M., Bedford, T., and Warner, C. G., A Study of: Absenteeism in @ 
Group of Ten Collieries: The Colliery Guardian, August 31, 1928, p. 819~825. 

51 ~ Sayers, R. R., Physiological Factors of Mine Ventilation: Information 
Circular 6089, Bureau of Mines, November, es 16 pp. 

52 — Same reference as la 4. | P | 
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The rise in blood pressure also no doubt contributes to the di scom- 
fort. At 30 per cent relative humidity the change begins around 120°F.$3 at 60 
per cent, around 104°F.$; and at 100 per cent, around 92°F. Subjects describe 
the sensation felt on reaching the unbearable conditions as follows: First, 
&® slight palpitation of the heart occurs, which increases.in severity until a 
feeling of floating in the air is experienced. This is accompanied by dizzi- 
ness, and frequently with a numbness or soreness of the face, and with nausea. 
The New York State Ventilation Commission found that at a temperature of 75° 
F., 50 per cent relative humidity, there was only a negligible change in the 
heart rate; at 86°F., 80 per cent relative himidity, there was an increase in 
the rate of the heart in the standing position, and in the reclining position 
&® negligible average decrease; at a temperature of 100.59 F., average humidity 
of 86 per cent, exposure for a period of 2.43 hours was accompanied by an aver- 
@ge increase in the rate of the heart of 28 beats per minute, or 435 per cent, 
the average maximum increase being 41 Leats, or 63 per cent. Exposure while 
performing physical work to 101° I., 87 per cent humidity, for 2.5 hours was 
accompanied by an average increase of systolic pressure amounting to 12.6 m., 
or 12 per cent, and of diastolic pressure of 1.4 m., or 2 per cent, the re- 
spective average méaxinums being 22 and 16 per cent. 


Mine dusts as factors in eecident sensations The ‘physiological - 
effect of dusts as a tactovy in accicents probably is mostly indirect, through 
@ general lowering of the physical efficiency. During the World War , however, | 
British°* miners were found to be so susceptible to carbon monoxide poisoning 
that an order was issusi prohibiting them from working in any place where the 
presence of gas was suspected. A considerable porcentage of the miners from 
Australia and South Africa, especially the older men who had worked in the 
gold mines, suffered from silicosis. This rendered them more susceptible to 
carbon monoxide and they suffered more severely from the effects and took 
longer to recover. This increased susceptibility would, of course, render a 
man more liable to accidents from g@ses encountered in gassy mines or in case 
of mine fires necessitating exposure to smoke. | 


According to Collis,” the accident rates among the various coal 
fields in England for 1910 to 1912 piace death rates in the coal fields in the 
same order as the death rates for ail causes; and the same is nearly true 7 
with regard to the rates for each of the respiratory diseases. The deduction, 
he thinks, obtrudes itself that conditions leading to 111 health, particularly 
conditious of the kind that tezwinate in death from respiratory disease, have 
also some underlying influence on accident causation; probably the ill—being | 
which the conditions cause is at the root of the matter. ‘Carelessness" with 
regard to safety is largely an expzession of ill-being; & man who is healthily 
alert. is not naturally careless. According to Collis, this deduction receives 
some. support from the figures of the average annual deaths per million persons 
employed at all mines in eae These figures indicate a very striking 


53 — New York State Ccmm! gaton on Ventilation, peep 620 PP a 

54 ~ Same reference as item 4. . 

55 ~ Collis, E. L., The Coal Miner: His Health, Dageaee: and General Welfare: 
Jour. Indust. Hygiene, vole 7, No. 7, 1925, pp. 22l-245. 
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decrease in the number ‘of. apeideite. ‘for the prevention of which much has ben e: 
‘done by research and regulation, and an imrrovenent Less marked in the mumber 

of accidents due to.falls of grour:d, in the nrevention of which, though many 

are classed as uunavoivable, personal care plevs a predominant part. On the otner 
hand, no improveaent ais evident in the number of accidents ca naulage, where 
safety depends far moze. on the versoral factor than on regulation, and in which | 
the work of the individual is not open to close supervision. Collis feels that 
if the same reduction that has been effected for explosions and shaft accidents 
could be obtained for haulese accidents and frils of erouay: the oe indus : 
try would lose its vnanvicvle resutation. 


Chemical al changes in_the novmel constitueats of the air as factors in 
accident. ceusation.- Za studies m mde by tne “psychological laboratory of f Mellon 
Institute of fudustrial Rescarch.O° it wes cbserved tnat ordinary fatigue and 
the conditions of narcosis from drugs and from oxrsen depietion depend alike 
upon asphyxiation of the. mascle cells. An attemot was mide to dotermine rhat 
degree of delaivad response end an yoeired efficiency, as ircicated by the physio- 
logical and mér.sal signs, may be iaken as an objective index of fatigue. 
Throughout all tests the powsrs of concentration, steadiness, persistence, sub-~ 
stitution, calculation, memory, and the ability to sustain continuous reaction . 
ran such close paralleis with increasing syuptems of asphyxiation that, accord- 
ing to Mr. Johnson, head of the laboratory, no distinction existed between so- : 
called "nervous" fatigue and physical ezhausticn. Almost the entire ranze of © 
disturbances observed relaied to factors in ths physical exvironment, that is 
to say, to oxygen supply, air corditions, end comfort. A man gets drunk on 
too low an-.oxygen intake, as»hyxiated by the cpnbustion products within his 
muscle cells. According to Mr. Johnson, three conilitions counterfeit this 
picture of alcoholic poisoning: (1) A diminished oxyzen supply due to great 
dilution of the air by means of other gases, or in rarefied air of high alti- 
tudes, or in inclosed sraces polluted by carbon monuxice; (2) a lowered rate 
of cell respiration caused by alcohol or otaer dzuz: and (3) induced fatigue, 
when cells burn faster than the toxic prodvsss of incomplete combustion .can be 
washed away by the blood stream. The above whvsiological reactions, especially ~ 
delayed response and docreased norers.of concentration, would predispose a 
person affected thereby toward accidents. 


The connection bet: 7oen poor whysical condition, hazardous environ— ° 
ment, and accidents is shovnm by tne follovins incident which happened to an 
employee of the Hastman Kocaic Ca.57 This employee, @ chemical worker, had not. . 
been feeling well for several cays. He had taken a long ride to Niagara Falls — 
and had greatly overeaten. Returning to work on Monday morning he was exposed 
to an unusual amount. of. gases, through a leak in an acid line. He, however, 
received no more than four or five other men who were working with him and he °. 
said that he had frequently inhaled more fumes than he had at this particular 
time. However, on the following day his temperature was 105 and his punee 140. 


06 ~ Heating, Piping, .and Air const tonne. Drunk on: Bad Aire Novanber, 
1929, p. 616. 

57 — Slater, B. J., How a "Medical Department May Contribute to Safety in the 
Chemical Industry: Safety Eng., November, 1924, pe 216. 
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He was deeply cyanosed and all the doctors who were taking care of him practic- 
ally despaired of his life, but he finally recovered. This is a case of @ man 
wno was not in good physical condition and was much more affected by adverse: 
environment rhe, usval and mich more than others similarly exposed. 


bea Ti lumination ¢ as. a Factor in Accident Causation 


Bad illumination is a tvo-edged sword. It causes acvideate directly 
by obscuring hazardous conditions and indirectly by affecting the vision of the 
workers. According to the First Report of the Departmental Committee on Lizht~ 
ing in Factories°®8 increased prevalence of accidents, damege to eyesight and 
health, and diminished output are the result of unsatisfactory lighting condi- 
tions. A large industrial insurance corvany°9 has estimated that 18 to 25 per 
cent of industrial accidents are due to inadecuate or improper ilivmination. 
The causes of accidents traceable to poor lighting may be due to 


1. Insufficient lighting in dark corners. 
2. Improper lightine effects: 
a, Giare or blinding sources. | 
®. Shadow production in dangerous places. 
c. Too great contrast at light on working 
place compared with other places. 


Another statement°° is that faulty lighting and poor eyesight are the 
major factors in one out of every eicht accidents. 


In investigations of industrial lighting conditions, Price’! found 
that in New York State 56.7 per cent of the laundries inzpected, 49.2 per cent 
of the candy factories, 48.4 per cent of the printing places, 50 per cent of 
the ice cream plants, and 64.8 per cent of the chemical establishments were 
inadequately lighted. Hardly a trade was investigated that did not havea — 
large mumber of inadequately lighted establishments. The Joint Board of Sani- 
tary Control reported that one-third of the shops in the cloax and suit indus- 
try of New York City were found to be inadequately lichted. The statement wes 
made by the Travelers'. Insurance Co.6 that apnroximately 25 per cent of the 
accidents classed as unavoidable are due directly or indirectly to poor 
illumination. | 


Conditions of illumination, of course, are much poorer in the mines 
than on the surface. Lleweilyn®4 points out that, although the human eye is 
capable of receiving light impressions of extraordinary range, from the light 
of the midsummer sun, estimated at 49,000 foot-candles, to a flicker of a 


58 — Liewellyn, T.L., Miners! Nystagmus: Its Prevention and Cure: Empire 
Mining and Metallurgical Congress, London, June 3-6, 1924. 
59 — oo C.0., Watch. the Worker's Health: Nat. Safety News, October, 
Pe ‘ 
60 - Simpson, R.E., Light, Sight, and Safety:. Safety Ens., August, 1924, p. 77. 
61 ~ Price, G.M., The Modern Factory: New York, 1914, p. 232, 
62 - Same reference as itcm 62, page 234. 
65 - Same. reference as item 59. 
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wate on a ‘dark: onl ne a ‘tmundred’ ane: away, ‘still te ust. be crane i the: eee 
light present, and the process of "dark. adaptation! -by ‘which the miner “gets nis.- 
eyesight" after. descending into the mine, and of, "light adaptation , ‘the reverse: 
change on his return to the surface, are of creat importance in the consideration 
of underground lighting conditions. Rapid changes from light to darlmess or 

from darimess to light are unpleasant... Physiolozical considerations point to the 
necessity ‘Lor adequate and uniform illumination, avoidance of glare, and &@ grad- 
“ual ‘procéss:of dark adeptation,: Illumination in mines may be deficient. due to 
“the -Yow'candle power of the lamp used, the limited area illuminated by the lamp, 
and ‘thé lack of..contrast. In Englend this poor illumination in the coal mines _ 
is generally considered as the cause of the eye disease called nystagms. The 
eye strain resulting from poor lizht is not-only barmmful to the eyes but possibly 
also to the general health of mOreores and thus indirectly may piatienows the 
individual to accidents. : | | se ee 


eae aes 


1. It is estimated that 97,000 persons were Iced and 15, 000, 000 
injured by accidents in the United States in 1929.. Of this number about 25,000 
were industrial accidents. Mining headed the list in frequency and severity of 
accidents. | | : 


= @ %It is estimated that the cost of accidents to the metal miners in 
waze ea is $17,619,720 and to the employer at least $15,700,000, or a total of | 
$31, 400, 000 for the industry. ~ 


| 3. In total amount of time lost, severity of nonfatal injuries, and 
total cost, fells are the most serious industrial accidents. . 


| 4. _ Accidents due to improvement in safeguarding end use of safety | 
devices have been very largely reduced, but accidents due to the human equation | 
are increasing and) constitute the biggest problem in Cesare prevention to-day. 4 


_ 5S. In 1928 there were 22,756 accidents, from all .CaUgeS,. in metal . 
mines. The fact that more than half of the accidents in mines are due to opera-. 
tions in which personal responsibility has more opportunity to function and that 
investigations in industry in general show that about 90 per cent of the acci- 
‘dents are avoidable. indicates the nec oesa a of Sid eae on the individual 
in as ek aka work. ee a 


6. The first es in sectaent present lon: shasdteve, ‘would seem to 
-be a complete physical examination of the worker to Pekeaine his ability to 
perform the work for whith he: is. mei | : a. 8 ae 


Ve Physical exemination. of men ‘for’ the. ace Pacane the. wer ‘ena &l1s0_ 
_exeminations of workers in the industries indicate that from 75. to 90 per cent 
per cent biese defects br: impairments. are: of. enough: Importance to reduce: effi cS 
ciency and increase liability to accidents. ° | | ; se 
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8. One of the most important and. widespreec impairments found among 
industrial workers is defective vision. In some plants 9 out of every 10 en- 
ployees were found to have defective vision; in other plants, 60 to 80 per cent 
were found to be similarly handicapped. In a study made by the Bureau of Mines 
of 1,098 miners, 21.4 per cent were. found to have defective vision in one or 
both eyes. 


9. Other defects than those of vision, &s well as diseases, influ- 
ence the accident tendency of the persons affected. In a study of accidents 
among motormen, it was found that those with abnormal blood pressure had on an 
average twice as many &@ccidents as did men of comparable age and experience who 
had normal blood pressure. An instance is given of one man who sustained 720 
minor lost—time accidents within a period of less then two years. On examina- 
tion he was found to be suffering from chronic gastric ulcer. Since recovery 
from an operation and returning to worl: he has not been Eo ieee in any wy 
with an accident. _ 


10. Employees should ba given a siyeteal searination before employ- 
ment and at intervals thereafter. The extent end thoroughness of the examina- 
tion and the frequency of reexfmination should depend upon the type of occupa~ 
tion and the degree of health hazerd involved. 


ll. ane chief objects of physical eo ares - 


1. “To place the worker in the occupation 7 
that suits him best. 


Le To detect the presence of pensdaabie 
" * physical defects in order to enable the 
worker to correct them. © 


5. -To determine the presence or absence of 
serious organic disease, either of yhich . 
may have an important Rearene on Spnoynent. 
seoher ton: : 


4.- To ensvent occuvational iteeewes by excluding 
susceptible worxers from epecti.° hasards: 


5. To prevent the spread of communicable disease, 
by ths exclusion of infected persons. | 


12. The value to the employer of physical senoanation is indicated 
by the fact that the financial waste due to placing all comers on jobs without 
any effort at physical selection for their work has been estimated at more 
than $500,000,000. ‘Some of the sources of this waste are: 


Ls .Labor Gusiover due: to the employment of the 

. -unfit who later. must be discharged because 
“of inability to do the work or who are forced | 
to stop: work due to advancing disease. These : 
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latter have been a source of loss during the. 
entire period of employment on account of the 
gradual decre@se in their efficiency. 


FB: Increased industrial liability to accidents from 
those who, because of their physical condition, — 
are subject to frequent accidents. 


aa Be Absenteei am due to illness and lost-time accidents. 


4. Liability to long disability compensation of those 
wno suffer accidents that ordinarily would not be 
- serious but, beceuse of coincidental physical 
conditions, cause prolonged disability or death. 


5. Loss of services of those who are healthythrough 
contraction of contagious diseases. The acute 
contagious diseases are more common, but tuberculosis 
énd syphilis also cause great loss. | 


15. From a monetary standpoint the value of physical examination to 
the employee is still greater than to the employer. According to the Secretary 
of Labor, the total annual wage loss resulting from industrial accidents amounts 
to at least $1,000,000,000. The injured workmen and their dependents are reim- 
bursed in accident compensation approximately $200,000,000 each year. ‘Thus it 
will be seen that in spite of the compensation laws the workers must still bear 
four-fifths of the economic burden resulting from industrial injuries. 


14. It has been stated that 90 per cent of the defects and health 
impairments are either curable or can be greatly benefited by medical treatment, 
therefore physical examination to determine what these are is the first step 
toward their correction. Physical examination from an industrial standpoint 
@lso is to fit a man to his job. 


| 15. The reports of one large corporation employing thousands of men 
show that 7 per cent of those applying for work were rejected on examination, 
hut that by simple operations and other corrective measures 75 per cent of those 
rejected were sufficiently restored to normal to werrant their employment. The 
net tons of rejections amounted to less thin 2 per cent of those applying. 


16. Abnormal conditions of the air and bad illumination are factors 
in the environment influencing pecides! ae) arouen sheet effect on the individual 
and his: heat th and comfort. 


17. ‘Some of these conditions are physical changes in the air, such 
ag abnormal temperatures, humidities, and air movement, and the presence of 
dusts; and chemical changes, such as lowered oxygen or increased carbon dioxide 
content of the air, or the addition of abnormal constituents as carbon monoxide, 
hydrogen sulphide, sulphur dioxide, methane, hydrogen, and nitrogen. 

From data collected on industrial accidents in relation to temperature it was 
observed that in both men and women the minimm accident frequency was at 65 to 
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69° F. At lower temneratures it gradually increased to a similar extent in men 
and women, till at 50 to 54° it was 35 per cent greater than at 65 to 69°. At 
temperatures above 65 to 69° the accident frequency showed only a slight rise 
in the women, but in the men it increased rapidly, and at temperatures above 

75° it was 39 per cent greater than et 65 to 699. Probably this difference wes 
due to the fact that the work of the men was often of a heavier character than 
that of the women, and the greater the exertion required the more trying must be 
the effect of exposure to hizh temperatures. 


18. One of the most striking results of the installation of a cooling 
plant in the Morro Velho mine was the fall in the accident rate. In the 16 
months (August, 1919, to November, 1920, inclusive) previous to starting up the 
plant 20 deaths occurred through underzrounde accidents and 4 cases of disable- 
ment, the total liability for commensation involved in connection with these 
accidents being 80,675 milreis. In the following 16 months (December, 1920, to 
March, 1922, inclusive) there were six fatal accidents underground and four 
cases of disablement, the amount of compensation involved being 35,820 milreis. 


19. The effect on accidents of air movement is shown by investigations 
in 10 collieries in Engiand. While the eccident frequency was practically con- 
stant at all velocities under 60 feet per minute, it showed a considerable in- 
crease at a mean velocity of 72 feet. The accident severity was high at very 
low velocities, but fell to a minimm at one of 20 to 50 feet per minute; then 
it rose rapidly, like the accident frequency. From the small amount of evidence 
adduced, the investigators concluded tnat probably eccidents reach their minimum 
when the air currents have a comparatively low velocity, such as 30 to 60 feet 
per minute. 


20. The physiological effect of dusts as a factor in Accidents prob- 
ably is mostly indirect, through a general lowering of the physical efficiency. 
However, it has been found that miners suffering from silicosis are more sus- 
ceptible to deleterious gases, especially carbon monoxide, and would be more 
liable to accidents from gases encountered in mines. 


el. The physiological effects of various gases, such as delayed re- 
sponse and decreased powers of conceritration, would predispose an affected per- 
son toward accidents. 


eee Poor illumination causes accidents directly by obscuring hazard~ 
ous conditions and indirectly by affecting the eyes of the workers so as to 
result in defective vision, which in turn leads to accidents. A large industrial 
insurance company has estimated that 18 to 25 per cent of industrial accidents 
ere due to inadequate or improper illumination. 
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